Hormonal therapy (androgen ablation and/or inhibition of androgen action) is the treatment of choice for advanced prostate cancer. After an initial response in most patients, tumors invariably progress to an androgen-independent state. It is unclear how prostate cancer cells proliferate without androgen. Recent studies suggest that interleukin-8 may promote androgen-independent proliferation, but the source of interleukin-8 in the prostate is unknown. Using immunohistochemistry, we show that interleukin-8 was expressed by the neuroendocrine tumor cells in human prostate cancer tissue. Expression of the interleukin-8 receptor CXCR1 was negative or low in benign prostatic tissue and was frequently increased in malignant cells of high-grade prostatic intraepithelial neoplasia and prostate cancer; however, CXCR1 was not detected in the neuroendocrine tumor cells, suggesting a paracrine mechanism by which interleu- 
Hormonal therapy (androgen ablation and/or inhibition of androgen action) is the treatment of choice for advanced prostate cancer. After an initial response in most patients, tumors invariably progress to an androgen-independent state. It is unclear how prostate cancer cells proliferate without androgen. Recent studies suggest that interleukin-8 may promote androgen-independent proliferation, but the source of interleukin-8 in the prostate is unknown. Using immunohistochemistry, we show that interleukin-8 was expressed by the neuroendocrine tumor cells in human prostate cancer tissue. Expression of the interleukin-8 receptor CXCR1 was negative or low in benign prostatic tissue and was frequently increased in malignant cells of high-grade prostatic intraepithelial neoplasia and prostate cancer; however, CXCR1 was not detected in the neuroendocrine tumor cells, suggesting a paracrine mechanism by which interleukin-8 produced by neuroendocrine tumor cells stimulates androgen-independent proliferation of prostate cancer. Neuroendocrine tumor cells expressed another type of interleukin-8 receptor, CXCR2, suggesting an autocrine mechanism by which interleukin-8 regulates the differentiation or function of the neuroendocrine cells. These results, combined with previous reports that neuroendocrine differentiation is induced by hormonal therapy, suggest that neuroendocrine cells play an important role in promoting androgen-independent growth of prostate cancer through interleukin-8 signaling. The treatment of choice for advanced and metastatic prostate cancer (PC) is hormonal therapy, which includes androgen ablation and/or blockage of androgen action. Most patients respond well to this treatment initially but the disease eventually recurs, and they enter the hormone-refractory stage. At this stage, the tumor cells proliferate in the absence of the androgen, but the mechanism is unknown. Various hypotheses have been proposed, including amplification of the androgen receptor (AR) gene, 1 increased AR protein stability with hypersensitivity to low androgen, 2 AR mutation, 3 and activation of mutant AR by different ligands. 4 Antiandrogens may activate the AR, 5, 6 particularly with alterations of AR co-activators. [7] [8] [9] Anti-androgens may also activate ARindependent signaling pathways to promote androgenindependent growth. 10 Growth factors and cytokines may also activate the AR, [11] [12] [13] and of these interleukin (IL)-8 has been implicated in the pathogenesis of androgen-independent growth of PC. IL-8 was initially identified as a regulator of leukocyte recruitment and trafficking. 14, 15 In patients with PC, serum IL-8 levels increase with progression of the disease. 16, 17 The PC cell line, PC3, expresses and secretes IL-8 18, 19 and also expresses the IL-8 receptors CXCR1 and CXCR2. 19 IL-8 is a mitogenic 20 and angiogenic factor. 21 PC cell line LNCaP does not express IL-8, but selection of the cells in androgen-deprived media led to the emergence of a cell line that produces IL-8 and is more tumorigenic than the parental cells. 22 A recent study showed that IL-8 promotes androgen-independent growth and migration of LNCaP cells, 23 suggesting that IL-8 may facilitate transition of PC to an androgen-independent state.
Although there is strong evidence linking IL-8 to the androgen-independent growth of PC, the source of IL-8 in PC is unclear. In benign prostatic tissue, there are three types of epithelial cells, namely, luminal secretory cells, basal cells, and neuroendocrine (NE) cells. In PC, there are two types of cells: the secretory-type tumor cells, which are the majority of the tumor cells; and scattered NE cells, which comprise a minor component of the tumor. The number of NE cells increases after hormonal therapy, particularly when the PC is in the androgenindependent stage and it has been hypothesized that these NE tumor cells may contribute to androgen-independent growth of PC. 24, 25 In this study we examined the expression of IL-8 and its receptors in PC, particularly their relationship to the NE and non-NE compartments of PC.
Materials and Methods

Construction of Tissue Microarrays Containing Benign and Malignant Prostatic Tissue
The construction of anonymized prostatic tissue microarrays was approved by the University of Rochester's Re- Tissue cores from the areas chosen were removed from their paraffin blocks and constructed into two arrays using a manual tissue arrayer (Beecher Instruments, Sun Prairie, WI). One array consisted of cores of N, BPH, and PIN and the other contained cores of LGPC and HGPC. Each core was 0.6 mm in diameter, 2.0 mm in height, and spaced by digital micrometry so that the center of one core was ϳ1.0 mm from the center of its neighboring cores. Once the core transfer process was completed, the arrays were incubated for 6 minutes at 64°C to facilitate fusion between the paraffin within cores and the paraffin surrounding them. A section from each array was stained with routine hematoxylin and eosin method and additional sections prepared for immunohistochemical analysis.
Immunohistochemical Study
Immunohistochemical study was performed on formalinfixed, paraffin-embedded tissue sections using a rabbit polyclonal antibody against IL-8 (catalog no. AHC0881, used at 1:600; Biosource Int., Camarillo, CA), a mouse monoclonal antibody against IL-8 receptor CXCR1 (catalog no. 555937, used at 1:800; BD Biosciences, San Diego, CA), a mouse monoclonal antibody against IL-8 receptor CXCR2 (catalog no. 555932, used at 1:50; BD Biosciences), and a mouse monoclonal antibody against chromogranin A (clone 2H10, used at 1:1000; Chemicon Int. Inc., Temecula, CA). Paraffin-embedded tissues were sectioned at 5 m thickness and floated on distilled water at 45°C. Sections were mounted on chemically charged slides, dried at room temperature until opaque and placed in the oven at 57°C overnight. Sections were deparaffinized according to established procedures and quenched with 3% hydrogen peroxide for 6 minutes. They were then cleared in running water followed by TBS (50 mmol/L Tris-hydrogen chloride, 150 mmol/L sodium chloride, and 0.05% Tween 20 at pH 7.6).
Antigen unmasking was performed by one of the following methods: for CXCR1, sections were digested with 0.1% pepsin (Sigma-Aldrich, St. Louis, MO) for 10 minutes at 37°C; for IL-8, heat-retrieval was performed with citrate buffer, pH 6.1 (DakoCytomation, Carpinteria, CA) in the Borg Decloaking Chamber (Biocare Medical, Walnut Creek, CA) at 120 to 123°C and 18 to 21 psi for 6 minutes; for CXCR2 and chromogranin A, antigen retrieval was performed with preheated (95 to 99°C) citrate buffer, pH 6.1 (DakoCytomation) in a Black and Decker steamer (model HS800; Shelton, CT) for 30 minutes followed by a 15-minute cool down period. Slides were then rinsed with Tris-buffered saline for 5 minutes and mounted in the DAKO autostainer. Slides were covered with fresh Tris-buffered saline to prevent drying of sections during mounting. The sections were incubated with the primary antibodies at room temperature for 60 minutes (CXCR2) or 45 minutes (chromogranin A). For IL-8 and CXCR1, the sections were incubated with the respective primary antibody overnight at 4°C in a humid chamber. The sections were then incubated for 30 minutes with the link antibody (rabbit or mouse)-labeled polymer-horseradish peroxidase (Envision Plus System, DakoCytomation). Slides were developed with AECϩ (DakoCytomation) for 10 minutes, rinsed in running distilled water, counterstained in Modified Mayer's Hematoxylin, blued in 0.3% ammonia water followed by a tap water rinse. Slides were mounted using an aqueous media and viewed with a light microscope.
Tissue cores with less than 50% of the original tissue left on the slides after immunohistochemistry were not used for the scoring of the stains. In cores that remained intact after staining, the intensity of staining (0 to 3ϩ) and the percentage of positively stained cells in the benign and malignant epithelial cells of the prostatic tissue were recorded. For chromogranin A, IL-8, and CXCR2, any cell with a staining intensity of 2ϩ or 3ϩ was considered a positive cell and a core was considered positive with any positive cell. For CXCR1, staining in all cores from the same case was examined and combined to derive the average percentage of positive staining. A case was considered positive only when the staining intensity was 2ϩ or more in more than 10% of the epithelial cells, while cases with less than 10% staining in the epithelial cells or staining intensity below 2ϩ were recorded as negative, following the scoring method of HercepTest, which is widely used for the evaluation of Her2-Neu overexpression in breast cancer. 26 Fisher's exact test was performed to compare the statistical significance of the staining results among different groups.
Results
IL-8 Is Produced by NE Cells of the Prostate
To study the expression of IL-8 in PC, microarrays containing benign and malignant prostatic tissue cores were stained with a polyclonal antibody to IL-8. After elimination of cores with significant tissue loss during staining, 49 cores of normal prostate, 76 cores of BPH, 30 cores of PIN, 101 cores of LGCA, and 79 cores HGCA were examined. In ϳ70% of the cores of PIN, LGCA, and HGCA, scattered individual cells or cell nests stained strongly, typical of the NE cells of the prostate; while no staining was seen in the remaining cases. In benign prostatic tissue (normal ϩ BPH), ϳ40% of the cores contained positive cells, also seen as individual cells or small nests. To confirm that it is the NE cells that produce IL-8 in the prostate, immediately adjacent sections were prepared from the tissue microarrays. The first section was stained with a monoclonal antibody against chromogranin A, a widely used marker of NE cells of prostate, and the second section stained with a polyclonal anti-IL-8 antibody and the two sections compared. In 78% of the cores that contained NE cells, the two sections showed an identical staining pattern in that cells that were positive for chromogranin A were also positive for IL-8 ( Figure 1) . Therefore, NE cells are the producers of IL-8 in human prostate, which is true in both benign prostate and PC. In the remaining cores the positive cells (either for chromogranin-A or IL-8) seen in one section were not seen in the adjacent section. To confirm that this was due to uneven sectioning of those cells in the two sections, additional continuous sections were stained so that a chromogranin A-stained slide was flanked by two IL-8-stained slides and vice versa. Examination of these slides showed 100% correspondence of chromogranin A and IL-8 staining in the adjacent sections of the prostate tissue microarrays, confirming that all IL-8-positive cells were NE cells.
IL-8 Receptor CXCR1 Is Overexpressed in Malignant Cells of PC
Two types of IL-8 receptors, CXCR1 and CXCR2, 15 have been identified in humans. Since previous experiments demonstrated that IL-8 is expressed by NE cells of PC, it was important to determine whether IL-8 receptors are expressed in PC cells. To study if CXCR1 is expressed in the prostate, the prostate tissue microarrays were stained with a monoclonal antibody against CXCR1 and the results are summarized in Table 1 . Benign and malignant prostatic epithelial cells showed very different staining patterns. Epithelial cells in benign prostatic tissue (normal and BPH) showed negative to weak staining with few positive cases, whereas in malignant epithelial cells of PIN, LGPC, and HGPC, the staining was typically strong and diffuse (Figure 2 ). Positive staining of the epithelial cells was seen in 12.2% cases of N, 0% cases of BPH (positive staining in all cases including N and BPH, 4.7%), 33.3% of PIN, 71% cases of LGPC, and 81% cases of HGPC (positive staining in all PCs including LGPC and HGPC, 74.8%). Fisher's exact test showed statistically significant differences in the staining between benign prostate (including N and BPH) and PIN (P Ͻ 0.001), between benign prostate (including N and BPH) and PCs (including LGPC and HGPC) (P Ͻ 0.001) and between PIN and carcinomas (including LGPC and HGPC) (P Ͻ 0.005). The staining difference between LGPC and HGPC was not statistically significant.
The IL-8 Receptor CXCR1 Is Expressed in Non-NE Tumor Cells, Not the NE Tumor Cells of PC
The previous experiments demonstrated that IL-8 receptor CXCR1 is overexpressed in malignant prostatic epithelial cells in comparison to benign cells. As discussed above, PC is composed of NE tumor cells and non-NE secretory-type tumor cells. In most tumors, because NE cells were rare and the staining for CXCR1 was diffuse, it was unclear whether CXCR1 was expressed in the NE tumor cells. To address this question, we focused on tissue cores from cancer cases with extensive NE differentiation. Adjacent sections from the tissue microarrays were stained with monoclonal antibodies for chromogranin A and CXCR1, respectively. As shown in Figure 3 , tumor cells that were positive for chromogranin A were negative for CXCR1 whereas those that were negative for chromogranin A were positive for CXCR1. Therefore, only the non-NE tumor cells of PC, not the NE tumor cells, express CXCR1.
The IL-8 Receptor CXCR2 Is Expressed in NE Tumor Cells of PC
We next studied the expression of CXCR2, the other type of IL-8 receptor, in benign and malignant epithelial cells of PC using a monoclonal anti-CXCR2 antibody. Adjacent sections from the tissue microarrays were stained with monoclonal antibodies against chromogranin A and CXCR2, respectively. A total of 47 cores of N, 76 cores of BPH, 35 cores of PIN, 100 cores of LGCA, and 80 cores of HGCA were examined after staining. Scattered individual cells or small nests of cells stained strongly for both markers. Comparison of the two sections showed that the same cells were positive for both markers ( Figure  4) . Thus, like IL-8, CXCR2 was expressed only in NE cells of the prostate. Multiple consecutive sections stained with the two antibodies alternately also showed 100% correspondence of the cells stained positively with the two antibodies.
Discussion
The emergence of androgen-independence (hormone refractory state) in tumors of patients receiving hormonal therapy for PC is the common path of disease progression and remains a major obstacle for therapy. Thus, understanding the mechanism by which tumor cells grow without androgen is essential for the design of future treatment strategies aimed at prevention of cancer progression. Aberrant AR signaling has been the focus of study for many researchers. Recently, however, a growing body of evidence has indicated that NE differentiation may be one of the mechanisms contributing to androgenindependent proliferation of PC. 24, 25 All PCs have some NE differentiation. 28 NE differentiation increases in high- grade/high-stage tumors 29, 30 and particularly in androgen-deprived 31 and androgen-independent tumors.
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NE differentiation is considered a prognostic factor in androgen-independent PC. 25, 33, 34 The function of NE differentiation in PC has been extensively studied. NE products increase proliferation and invasiveness of PC cell lines 35 and may confer apoptosis resistance to the adjacent non-NE epithelial cancer cells. 36 NE cells are the major producers of vascular endothelial growth factor in PC 37 and the degree of NE differentiation correlates with neovascularization. 38 It is thus hypothesized that hormonal therapy leads to increased number and activity of NE cells, which promote androgen-independent growth of the non-NE cancer cells in a paracrine manner. 25 Results from the current study provide a novel mechanism by which NE cells in the prostate may promote androgen-independent growth of the neighboring non-NE tumors cells. IL-8 is a mitogenic 20 and angiogenic 21 factor for PC and contributes to the migration and invasion of PC3 cells. 18 A recent study has shown that IL-8 may promote androgen-independent growth of PC. 23 Here we demonstrate that NE cells are the source of IL-8 in PC. Although the IL-8 receptor CXCR1 is rarely expressed in benign epithelial cells, its expression is increased in PIN and further increased in invasive tumor, suggesting a paracrine mechanism whereby IL-8 produced by the NE tumor cells may promote the proliferation of the non-NE tumor cells in the absence of androgen ( Figure 5 ). The exclusive expression of IL-8 in NE cells of the prostate is a very important finding, particularly in relation to androgen-independent growth of PC because IL-8 is considered to play an important role in this process. An equally important finding is the overexpression of CXCR1 in tumor cells of PC, which may be an essential component of tumorigenesis. To compare the level of expression of CXCR1 in different cells, we adopted the semiquantitative scoring method of HercepTest. Although an imperfect method, this scoring method has been widely adopted and proven useful in studying the expression of Her2-Neu, another cell surface receptor, in breast cancer, as well as in many other published studies involving immunohistochemistry. Because our study shows a stepwise increase in the expression of CXCR1 from benign cells to PIN to invasive tumor, it will be very important to study the molecular mechanisms that regulate the expression of CXCR1 in the epithelial cells of the prostate, especially its potential role during the gradual transition from benign glands to PIN to invasive PC.
CXCR2 is the other type of receptor for IL-8. Both CXCR1 and CXCR2 are G-protein-coupled receptors that bind IL-8 with high affinity and they share significant sequence homology. 39 The two IL-8 receptors are expressed in a wide range of cell types, including T cells, monocytes, monocyte-like cell lines, melanoma cells, synovial fibroblasts, neutrophils, and HL-60 and THP-1 myeloid precursor cell lines. 40 -43 Neutrophils can use both receptors to promote chemotaxis, and both receptors mediate IL-8-stimulated chemotaxis in transfected Jurkat cells. 44, 45 Interestingly, CXCR2, but not CXCR1, is expressed on Purkinje cells in human brain, in fetal neurons, and in a human neuronal cell line, hNT. 46, 47 CXCR2 in these cells is functional, because IL-8 binds with high affinity and induces the migration of hNT neurons. 46, 47 Recently, human fetal quiescent astrocytes have also been shown to express low amounts of CXCR2. 47 IL-8 increases rat hippocampal neuronal survival in vitro, 48 and astrocytes produce large amounts of IL-8 under proinflammatory conditions or lower amounts under noninflammatory conditions. 49, 50 These reports suggest that IL-8, working through CXCR2, may play an important role in neuronal function. Our demonstration of the exclusive expression of CXCR2 in NE tumor cells, but not the non-NE tumor cells of PC, is consistent with the concept that IL-8 produced by the NE cells of the prostate may regulate the function of NE cells via an autocrine mechanism through CXCR2 ( Figure 5 ).
In cultured PC3 cells, experiments using neutralizing antibodies suggested that CXCR2 plays an important role in IL-8-stimulated invasion and metastasis, although CXCR1 may also be important. 19 Our results, however, suggest that CXCR1 may be the receptor directly involved in the effector function of IL-8 produced by NE cells in promoting androgen-independent proliferation of PC because CXCR1, not CXCR2, is expressed in the non-NE tumor cells, the major cell type of PC. We hypothesize that the interaction of IL-8 with CXCR2 in the prostate is important for NE differentiation or the function of NE cells, indirectly contributing to the androgen-independent growth of PC.
We found no difference in the expression of IL-8 and its receptors between benign and malignant NE cells. Like the NE cells in PC, those in benign prostate also express IL-8 and CXCR2, but not CXCR1 (data not shown). The significance of IL-8 production by the benign NE cells is unclear, because the benign non-NE epithelial cells generally do not express IL-8 receptors. Because the benign NE cells express both IL-8 and CXCR2, there again may be an autocrine mechanism involved in either NE differentiation or the function of NE cells of the benign prostate.
In rare PC cores of our microarrays, there were focal areas of inflammation and the inflammatory cells stained strongly for IL-8, CXCR1, and CXCR2 (data not shown). A potential relationship between chronic inflammation and PC has been proposed. 51 Thus it is possible that inflammatory cells may also play a role in prostate carcinogenesis through local IL-8 production. It is conceivable that both the NE cells and the inflammatory cells may contribute to the increased serum IL-8 levels seen in patients with advanced PC. 
